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(54) Method, equipment and systenn for signaling in a network including ethernet 



,(57) There is proposed a method ot providing a sig- 
naling channel for perlornning one or nnore signaling 
{unctions at the level of Elhemel. The telecorhmunica- 
■ lion ot Inleresl is organized by information packets form- 
ing an information flow, and the method comprises uti- 
lizing a combined flow composed frorn the inlomiation 



flow and one or more service flows fomned from service 
packets being compatible with the iriformalion packets. 
The service packets belonging to a particular service 
flow carry indication of a corresporiding one of the sip- 
nallng funclions to be performed, while the one or more 
service flows form the signaling channel at the level of 
Ethernet. 
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Description 

Field of the invention 

[0001] The present invention relates lo sipnalrng in lo- 
cal area packet networks and/or in wide area (transport) 
networks. 

Background of the invention 

[0002] Packel networks such as IP/Ethemet, ATM, 
FC (Fiber channel) operate according to protocols de- 
fining burst-like transmission of information units called 
packets or ceils, wherein the length and contents of the 
packets in each specific network are predetermined by 
the suitable standards and proiocols. 
[0003] The Ethernet network protocol was one of the 
first protocols developed for packet networks, and ini- 
tially WHS designed lor serving local area networks 
(t-ANs) where the pioblem ot signaling was not critical 
at the lime. The Ethernet signaling mechanism which 
was originally designed comprises a so-called "auio-ne- 
goiialion" mechanism. Though, it is not sufficient for 
many novel requirements which modern networks im- 
pose. 

[0004] Presently, not-only the modern IJVtMs grew, but 
as a rule, they are now interconnected by wide area net- 
works (WANs) which operate according lo totally differ- 
ent protocols. That is a resutt.of one of the trends in the 
modern world of communications where integration of 
various types of networks becomes more and more pop^ 
ular. For example, a communication path between two 
end users or providers may include both network sec- 
tions utilizing packel framing (such as IP or Ethernet), 
and sections of optical networks such as SDH or SON- 
ET utilizing so-called virtual containers which are com- 
plex aggregated structures of digital frames. For trans- 
milting Ethemel packets, digital frames of SONET/SDH 
envelope the information comprised in the Ethernet 
packets (SONET/SDH Is generally considered a lower 
level and Ethernet - a higher level). 
[0005] It should be noted that SONET and SDH net- 
works support a wide range of signaling and checking 
means. For example, SDH and SONET protocols com- 
prise a set of functions of a so-called Tandem Connec- 
tion feature ( SDH TC feature). One of such functions 
serves to distinguish errors which appear in a particular 
network domain path enclosed between a Source and 
a Sink of its Tandem Connector, from external errors re- 
ceived by the domain with the incoming information flow. 
On the other hand., such tools are designed for virtual 
containers and cannot specify errors taking place at any 
higher layer, say In Ethernet packets contents of which 
is mapped in the "carrier" virtual container frames. It 
means that infonnation provided by the SDH TC feature 
is insufficient for revealing sources of errors and han- 
dling associated problems it they reside in the packet 
network sections. 



[0Q06] According to the a Standard recommendation 
of an International Telecommunication Union ITU-T I. 
61 0 (02/9g) . Asynchronous Transfer Mode networks are 
provided with so-called Operation And Maintenance 
5 functions (GAM functions) for performance monitorinq. 
defect and failure detection/ information, system protec- 
tion and fault localization. For accomplishing the per- 
formance monitoring, maintenance Infonnation is pro- 
duced from user infonnation; this maintenance informa- 
10 lion is added to the user Information at the source of a 
connection/link and extracted at the sink of a connec- 
tion/link. Analysis of the maintenance event information 
at the sink of the connection allows estimation of the 
transport integrity. 
15 [0007] To the best of the Applicant's knowledge, none 
of the presently known standard recommendations, pat- 
ent documents or oirter sources describes or suggests 
any signaling means lor monitoring Ethernet packets 
when transmitted via any network domain, in particular 
20 via a SONET or SDH netwoik. 

Object of the invention 

[0008] it is therefore an object of the invention to pro- 
^5 vide a method and a system for arranging a signaling 
function in a packet network such as Ethernet by utilizing 
means available in the suitable protocol and/or not con- 
tradicting to it. 

30 Summary of the invention 

[0009] There is a- long felt need lo measure and ana- 
lyze packets of Ethernet, Internet, and some other pack- 
et networks when they are transmitted with in a lower tev- 

35 ef Irame, for example when enveloped in an SDH/SON- 
ET frame. It has been realized by the Inventors, that for 
vaiious purposes such measurement and analysis is es- 
sential. Say. for proper billing of an Ethernet subscriber 
transferring packets via an SDH transport network, a 

JO management system has to know hiow many Elhernel 
packets passed during a particular period of time, how 
many frames of those passed satisfy requirements of 
quality, etc. it should be emphasized that any mainte- 
nance monitoring performed on the SDH level does not 

•*s help to answer these questions. It means, that at the 
receiving end, where the Ethernet information is recov- 
ered from the SDH frames, no statistic infoimallon will 
be available on functioning of the Ethernet domain. 
[0010] In view of the alcove, the object of the invention 

50 can be achieved by a method of providing a signaling 
* channel tor performing one or more signaling functions 
at the level ol Ethernet (being a packet network whore 
cDmmunicatk}n is performed by means of Information 
packets forming an information flow), the method com- 

55 prises utilizing a combined flow composed from said in- 
formation flow and one or more service flows formed 
from service packets being compatible with said infor- 
mation packets, wherein the service packets belonging 
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(o a*particiilar service How carry indiOfltion-o!,'a corre- : 

sponding one of said- signaling (unctions to :b*Q por- 

, formed., while said one or more service flows form the 

signaling cfiannel al the level of Elherne!.- 

[0011] More particularly, fof providing tlie signaling 

channel at the level of Ethernet between a lirsi and a- 

second operating points in a nelworl? domain, the meth- 

■od'comprises steps of:.,. 
* ... * ■ - * 

- arranging al the first operating. point a source ele- . 
^ menl capable of receiving the informalidn now from " 

a -first Ethernet device, 
• - • arranging at the second operating point a sink-ele- 
ment capable of iransmitting the information flow to 
a second Ethernet device. 

producing al ihe source olemenl the service pack- 
ets forming said one^or more service flows, 
at the source element; merging said one-or more 
service flows with tlie information flow, thereby ob- 
* taining the combined'flow with Ihe signaling chan- 
neL 

- " , transmitting data comprised in Ihe combined flow 

via the network domain from, the source element lo 
the sink cksmcnt,' • * / 

at the sink element, extracting- the sen^ice packets 
of said one or more service flows from said corn- 
bined flow and processing said sen/ice. packets, 

•thereby performing* said 'one or more signaling .tunc- . 
•tiqns. ; ' ' 

[0012] The step of producing the service packets 
forming said one or more service flows is perfomied. at 
the'source element,* based on monitoring Ihe'infomia- 
tion flow and/or monitoring external instructions. 
[DDI 3] • The step of introducing ihe service packets into 
the 'jriformation flow is preferably perlormed- by .multi- 
plexing, and' the step of.'extracting-by- demultiplexing. 
The sen^lce.packels are considered compalible.wiih the 
infomiation packets if they are equal sized brjusl suita- 
ble for multiplexing with one another. 
[0014] It should be noted, that a span of ihe network 
domain between the iwo'operating points may include 
one or more moniloring- points. As we remember, the 
' basic two operating points comprise a* source element 
and a. sink element respectively. The monitoring point 
dlffei^ from, a sink, element i^yrthe fact thai'Jt enables 
analyijjng the service flow but does nol terminate it. On 
the other hand, the monitoring operation may be provid- 
ed also on a sink element, .using its service flow(s). 
Therefore, the signaling channel witi be maintained be- 
Iweehiany two points being either an operating or a mon- 
itoring point. The moniloring»points may coincide with 
said (basic) operating points, though it is not obligatory. 
[0015] Likewise, the span between said two- (basic) 
operat ing points' ( a source and a sink) may include an 
additional operating point comprising an additional 
source elemenl and/or another sink element . Therefore, ' 
two or'more signaling channels may be formed in ihe 



.spani,b'9tween a particular couple of operating- points. 
Naturally, Ihe addltionaroperating points may-serve as 
monitoring points. 

[0016] From the point of structure of the network do- 
5 main; the operating points may coincide (and may nol) 

with temiinal user points. 
• [0017]; Further, the span'bf the network domain 'be- 

twee'n'-said-,two operalingVpoinls (as well as a span.be- 
. " ' tween -any -two of said operating, and/or monitoring 
'0 ,poinls)'rhay comprise links. (or segments) which belong 

to Elhemet only. In this case, the combined signaling 

and information flow will be created in the pure Ethernet. 

the' achievement whk:h has nol been known yel for the 

Ethernet. . 

75 [0018] According 10 another, and preferred embodi- 
. ment; the mentioned spari oi ihc network domain may 
comprise a segment (segments) ol a transport or wide 
area network, for example-a network such as SONET 
or SDH: They may alternate, and may riol. with segment 

20 (s) of:th(B Ethernet. packet network. In this casevthe sig- 
naling channel at the level ot the packet network will be 
preserved" also during the Information transfer via the 
Irarisport network, and will be thus avnilable at- any se- 
icctcd monitoring or operating point. 

55 [0019] To preserve the signaling channel at the Eth- 
ernet level in such a hybrid network domain, the com- 
bined f low comprising>it should be either mapped into a 
frame of. the Iranspdn network, or de-mapped there- 
from, whenever needed. ' • . 

30' '[0020]' In- case the span between said -two operaling 
. points *comprises a* section of a transport network, the 
method further comprises steps from the following list: 

mapping packets of the combined (signaling and in- 
35 formation) ftow inlo the transport network frames 
(for example, inlo SONET/SDH virtual containers) 
. /»foV iransmilting said'packets.via* Ihe transport net- 
work, 

- * de-mapping the transport- network frames for Irans- 
■io mihing the packets of the combined flow via the 
packet network, thereby preserving the signaling 
' channel al the Ethernet level. 

[0021']!' Actually, the method leaches an-anging the 
-^5 mentioned signaling channehenabllng a sel of signaling 
lunctlons:in the Ethernet to be performed, by utilizing 
means avaltable in the Ethernet packet protocol (i.e., its 
basic.infonnation transmitting functions such as various 
possible lengths of the packets, various possible types 
50 of the packet headers, etc). In addition, Ihe. method 
teaches using modified means which are not known in 
the Ethernet protocol but do not contradict it since are 
only used between the two-operating points in the net- 
work domain and Ihus do not affect any outside network 
55 elements and communication. 

[0022] Namely, Ihe method comprises indication of 
eacH particular signaling function in Ihe header of a'serv- 
ice packet. In addition, data on the -particular signaling 
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function can be provided in the dala field of a sen/ice 
packet, 

[0023] the proposed set of the signaling functions 
comprises one or more luncllons selected from the fol- 
lowing non-Gxhauslive list: 

performance monitoring functions including at least 
one Tandem Connection (TC) function; 
one way and round trip delay measurement func- 
tion; 

. far end status ( or tar end link indication) function, 
connection integrity check function, 
buffer fill check function, 

function for enabling congestion indication and rate 

control. 

[0024] The TC functions are intended for analyzing 
quality of transmission via a section of Ethernet network 
or a section of another packet or transport network via 
which said signaling diannel is arranged. 
[0025] All these functions can be perfomied by intro- 
ducing various types of the service packets forming the 
above-mentioned so-called service flows and suppose 
utilizing specific processing programs at the operating 
points. 

[0026] Most of the above-mentioned signaling func- 
tions do not have analogs in other signaling systems. 
[0027] By providing the above described procedure, 
any two Elhernel entities (modules, devices, nodes, 
cards) will be able to communicate al the Ethernet level 
either directly or through any transport network , with 
perfomning. signaling functions which have not been 
available before. 

[0028] According to other two aspects of the inven- 
tion, there are also proposed: 

A source element for creating a signaling channel 
for performing one or more signaling functions at 
the level of Ethernet, capable of: 

receiving Elhemel information packets forming 
an inlormation fiovv. 

producing one or more sen/ice flows of sen/ice 
packeis'compaiibie with" said infomnaiion pack- 
ets, wherein.the service packets belonging to a- 
pariicular service flow carry Indication of a spe- 
cific signaling function to be performed, and 
composing from said information flow and said 
ono or more service flows an outgoing com- 
bined flow with the signaling channel formed by 
said one or more service ftows. 

[O029] The mentioned one or more service flows can 
be produced'by a source function block, based on mon- 
itoring at least one of the following two processes: the 
information flow and external Instructions. For example, 
a delay measurement signaling function can be acltval* 
ed upon an external instruction only. 



[0030] Further, the source elemoni may comprise a 
ma]3ping unit for transmitting the outgoing combined 
flow via a transport network by the transport network 
frames, thereby ensuring transmission of the signaling 
5 channel via the transport network. 

[0031] Similarly, there is provided a sink element ca- 
pable of terminating a signaling channel for perfomning 
one or more signaling functions al the level of Ethernet, 
the sink element is capable of: 

10 

receiving an Incoming combined flow composed 
from an information flow of Ethernet packets and 
one or more service flows formed from service 
packets compatible with the information packets, 
15 - separating from saidcombinedllow the one or more 
service flows and analyzing thereof to perform said 
signaling functions respectively assigned to said 
service flows. 

20 [0032] Tlie sink element is piefeiabty provided with a 
de-mapping block capable of obtaining said incoming 
combined flow from frames of a transport network which 

envelope the combined flow, thereby ensuring receiving 
the signaling channel via the transport network and an- 
25 alyzing thereof al the Ethernet level. 

[0033] Further, an assembly can be designed for cre- 
ating a first signaling channel at the level of Ethernet, 
and for analyzing a second (e.g., an oppositely directed) 
signaling channel al the level of Ethernet; to this end, 
30 the assembly will comprise the source element and the 
sink element as described above. Preferably the as- 
sembly is located on a card intended for installing in a 
network node. If the source element and the sink ele- 
ment of the assembly are respectively provided with a 
35 mapper and a de-mapper, the assembly can be consid- 
ered an adaptation block for connecting between an 
•Ethernet packet network and a transport network. 
[0034] According to yet another aspect of the inven- 
tion, there is proposed a system capable of pertomning 
40 the described novel method In any network domain 
comprising Ethernet, i.e. for providing a signaling chan- 
nel intended for performing one or more signaling func- 
tions al the Ethernet level. 

[0035] The system providing a signaling channel for 
-is pertorming one or more signaling functions at the level 
of Ethernet can be arranged between the above-de- 
scribed souice element and sink element serving one 
and the same signaling channel. 
[0036] The system can be arranged in the Ethernet 
50 packet network and. optionally, in any other transport 
network such as SONET, SDH and the like, connected 
10 the packet network. 

Brief description of the drawings 

55 

[0037] The Invention will further be described with ref- 
erence to the attached non-limiling drawings, in which: 



25 



30 



4 



BNSDpCIO: <Ee. 



.124C4t3A2J> 



7 



EP 1 246 413 A2 



B 



Fig. 1 illuslrRles one example of a network confiQ- 
uration where two user Elhernel equipment entities 
are connected via a transport network segment, 
through two adaptation btocks. 
Fig. 2 schematically illustrates a system with a com- 
bined channel' for transmitting signaling and infor- 
mation packets between .two user terminals, with 
the aid o1 a source element and a sink element in 
Ethernet. 

Fig. 3 illusirates an adaptation block for creating a 
combined signaling-inlormaiion channel, with TC 
functions, in a packet network such as Ethernet. 
Fig. 4a illustrates an exemplary structure of a serv- 
ice (signaiing) packet intended for performing signal 
channel functions in Ethernet. 
Fig. 4b illustrates another example of a service (sig- 
naling) packet for perfonming signaling functions in 
Ethernet. 

Fig. 5 schematically itluslrales structure of the data 
field of a particular type of the seivice packets. 

Detailed description of the preferred embodiments 

[0038] Fig. 1 shows a typical channel via an Integrat- 
ed network domain 9 where two Ethernet (packet net- 
work) sections 1 0 are connected through a WAN (trans- 
port) section 12. In this embodiment, section 12 can be 
the SDH. SONET or an optical network. In the drawing, 
the different network sections are connected via a pair 
of blocks U for Ethernet to transport adaptation. The 
adaptation btocks 14 are responsible lor receiving the 
Ethernet traffic from user lerminals (Ethernet devices) 
1 1 , processing it and mapping it into the transport layei', 
say. Into a SONET/SDH data stream (trail). 
. [0039] So in sections \ 0, communication is petlormed 
at the Ethernet layer, while between the blocks 14 - at 
the transport layer. Further the adaptation blocks are 
characterized in that they participate in creating and 
processing a combined communication flow in the Eth- 
ernet traffic. This vviil be described in more details with 
reference to the following drawings. 
[0040] Fig. 2 schematically illustrates a path 20 be- 
tween two user terminal points 21 and 23 belonging to 
either one and the same, or two diflerenl Ethernet net- 
works. In this example, the path comprises two operat- 
ing points 22 and 24, wherein the operRiing point 22 Is 
a source perloiming source functtons, and point 24 - is 
•a sink peitonning sink functions of the path. Owing to 
that, the path-acquires a signaling channel (marked with 
a dashed line 28) which carries a so-called signaling 
flow that is combined with the Ethernet information-flow 
between the points 22 and 24. In the drawing, one path 
traffic segment is marked 26. which is defined by two 
points (usually, nodes) 32 and 30 lying on the total path 
20. This segmani may indicate, for example, a transport 
nelwork portion via which Ethernet packets are to be 
transferred. The points 30 and 32 can be so-called mon- 
itoring points i.e.. these locations may serve for analysis 



of the signaling channel 28 and/or of the traffic between 
the operating points 22 and 24. in case there is a trans- 
port nelwork section between 32 and 30. the monitoring 
points can be provided with adaptation equipment for 

5 mapping and de-mapping. The monitoring points do not 
have to be provided with source/sink functions. In an- 
other embodiment, when the points 30 and 32 are 
equipped to provide such functions, an additional sign- 
aling channel can be created there-between (line 34), 

TO and/or between the points 32- 22 and points 30-24. 
22-30. 32-24 (line 36 is shown as an example). As can 
be seen,, more than one signaling channel may be ar- 
ranged in the path. . 

[0041] Pig. 3 illustrates which operations are per- 

J5 fonned at an. adaptation block marked 14 in Fig. 1 lor 
achieving the purpose ol the present invention. The ad- 
aptation block 14 is an assembly 'comprising a source 
element 13 and a sink element 15. The adaptation block 
includes two pairs of input-output contacts. One pair 
comprises an input 40 cbnnected.lo an Ethernet device 
42 (it may be a terminal device, but may be not) for re- 
ceiving its information flow, and a corresponding output 
41 is connected to a transport network 46. The other 
•pair consists of an input 44 receiving a combined data 

^5 and signaling flow from the transport network 46, and 
an output 43 connected to the Ethernet. In this drawing, 
the output 43 is directly connected to the device 42. In 
the Ingress direction, the ethernet packets are received 
by the source elennent 13 from the device 42 and are 

30 monitored by a monitor 48 for various parameters of the 
inforrhation flow. Based oaresulls of the monitoring, and 
based on specifically stated rules pre-programmed in an 
operating unit 50, the" source element may initiate one 
or more so-called Ethernet Connection Signaling Func- 

35 lions. (Block 50 is therefore called ECSF block). More 
particularly, the operating block 50 performs a source 
function i.e.. generates a series of Ethernet flows of 
.servkre. packets, each flow for a specific signaling func- 
tion. Each of these flows has a distinct -identifier which 

-to is carried inside the service packet thus turning it into a 
specifk: packet type. 

[0042] • Alternatively or in addition, the ECSF block 50 
.may .generate service packets flows (for example, of a 
.delay measurement function) which are not based on 

-fs parameters of the received Ethernet Iraff fc, but on data 
concerning any other exiernalj parameters, processes 
or instructions. Such events are schematically marked 
by an arrow arriving from block 52. 
[0043] The information flow of the Ethernet device 

50 combined and the service packets (created by the block 
50 in the form of one or more service- flows) are then 
multiplexed by a multiplexor 54 to create a combined 
information &signafing.f low via an intermediate connec- 
tor 56. In this particular embodtment of the source ele- 

55 . menl, block 58 performs mapping of the combined flow 
into transport frames of the transport layer, and Irans' 
mils it to the transport nelwork 46 via the output 41 whk:h 
.can be connected .to an optical fiber. 
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[0044] In rhe opposiie direclion, Rnolher Ethernet de- 
vice (not shown) iransmils to the Iransport network 46 
its signal which is processed in the manner as described 
above. The obtained transport flow from the network 46 
arrives to the input 44 of the adaptation block 1 4 . under- s 
goes a de-mapping procedure at a block 60 of the sink 
element 1 5 and then, after the received combined infor- 
mation&signaling Ethernet packet flow is extracted from 
the Iransport network frames, it is demultiplexed by a 
demultiplexer 62. Thus, the signaling information added 
in the form of service packets by an Ethernet source 
block at the opposite side (not shown), is terminated at 
an operating block 64 ECSF which analyzes the re- 
ceived signaling channel and discards the service flow 
(s> thereupon. Block 64, inter alia, performs an Ethernet 
Tandem Connection Sink Function. The information 
flow, separated from the service (signaling) flow, is 
transmined to the Ethernet device 42 via the output 43 
of the adaptalbn block 14. 

[0045] It should be notedj tliat the ECSF (signaling 
source and/or sink functions) may be embedded in a 
node of any segment on the* Ethernet path. This may be 
used to monitor the Ethernet end-to-end traffic on a per 
segment basts, oven when it passes through different 
network segments (which, in turn, may be controlled by 
different administrative systems), 
[0046] The described embodiment, where the source 
element and the sink element are combined in one as- 
sembly, is only an example which ts preferred bul nol 
obligatory, A signaling channel at the Ethernet level may 
be formed between a single source element 1 3 and a 
single sink element 15 respectively located at distant 
nodes of a network domain. U the nGtwor1< domain fully 
belongs to Ethernet, elements 13 and 15 may miss 
blocks 56 and 60. respectively. 
[0047] -Fig.'4a illustrates an example of a service Eth- 
ernet packet (frame) suitable (or forming a signaling 
channel in the combined communication flow. In this fig- 
ure, the service packet marked 70 comprises the follow- 
ing fields which are standard for information packets: 
Preamble (marked 71 Start of Frame Delimiter SFD 
(72), Destination address (73). Source address (74), 
Length/type (75) all forming a header Data field (76). 
and a trail field Frame Check Sequence PCS (77). The 
minimal length of the shown basic standard Ethernet 
frame is 64 bytes. The maximal length of the basic 
standard Ethernet Irame Is f 518 byles. (11 should be not- 
ed, however, that when using additional so-called VLAN 
fields, the maximal lengths is 1522 bytes.) 
[004B] The Inventors proposed a number of ways for 
using the standard size/structure of the Ethernet pack- 
ets to indicate (and support) various signaling functions: 

a) 10 use the standard Length/type field 75 for indi- 
cation, 

b) to build an additional field in the header for indi- 
cating specific signaling functions, 

c) to build a new structure ol the header and assign- 
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ing in it a field for indicating specific signaling fimc- 
tions. 

d) to build a new stmcture of the frame. 

[0049] According to the example (a) shown in the 
drawing, field 75 is utilized for this purpose. 
[0050] The structure of the fiekj comprises four nib- 
bles (groups of four bits each), which have the following 
meaning: . 

The first nibble will coniain a fixed value, identifying 
the frame as a signaling channel (ECSC)frame. For 
example, this nibble is fixed at the value of A in hex- 
adecimal format A (Hex). The second two forth nib- 
bles (12 bits ) are used to identity the specific sign- 
aling function / How which thelrame belongs to. For 
example, some Ethernet signaling functions can bo 
identified as follows in these 12 bits of field 75: 

003 ( Hex) - ttie ftame belongs to so-called Far 
. End Link Status/link indrcation ( FELS) func- 
tion. 

OOC ( Hex) - the frame belongs to the TC func- 
tion from the group of Performance monitoring 
{PM) functions. 

[0051 ] The DATA field of the service packet changes 
from one Ethernet signaling function to another. It con- 
tains both instruction sub-fields, and informalion sub- 
fields carried to the destination and related to the sign- 
aling function. 

[0052] Rg. 4b illustrates another example of the sen/- 
ice packet (frame formal), where a new filed 78 is cre- 
ated and called Service Function Identifier (SFI) field. 
The field is buill in the bytes following after the standard 
header and should be considered part of a new header 
(schematically marked BO) whteh Is wider than the 
standard header 79. It is proposed that in this case fieki 
75 be all-zero bytes. 

[0053] Any of the proposed Ethernet service frames 
contains specific information on a particular signaling 
function in its headei*. It means that by reading the head- 
er only (e.g., - the TYPE field 75 or SFI field 78 in the 
header), one can Identity to whk:h specific signaling 
function the frame belongs which results in fast filtering 
of any irrelevaniyunwanled data. 
[0054] In -Older lo explain which signaling functions/ 
flows may be used in the Ethernet signaling channel, 
some examples will be presented below in more detail. 
Before specifying these functions/Mows, it should be not- 
ed' that, based on the proposed mechanism of Introduc- 
ing one or more of the signaling flows into the informa- 
tion flow of Ethemel, any new kind of flow can be added 
lo the same mechanism. Any new kind ol flow will be 
characterized by a new frame type identified by assign- 
ing to it a TYPE field code, an SFI field code (or the like), 
differing from those used for other signaling functions. 
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/. Fw end link stRtus/link indicmion ( FELS ) Ethernet 
signating function. 

[0055] For example, a transport network difterenl lhan 
Ethernet could be connecting two ( local and remote ) 
Elhernei links. The FELS function reports the far end 
link status to the- local end ( e.g. "link down", "link 
synchonizing" , "link up". As a result . the far end will en- 
able/disable transmission of data from the local (near) 
end. The link indrcalion can be used, for pointing the link 
type (oplrcal, electric, wireless). 

2. Performance monito'nng (PM) Ethernet signaling ffow 
having newly proposed parameters and checking 
methods. 

[0056) This (unciion monitors peilormance parame- 
ters of a received Ethernet stream (both at a source and 
a sink elements), such as: 

' Total number of frames received: 
Number ol frames received with no errors; 
Number of frames received with errors; 
Number of frames received with CRC errors; 
Number of frames received with an internal 
processing error; 

Number of frames received with length below the 

minimum frame size: 

Number of frames received with lenglh above the 
maximum frame size; 

Number of seivice flow frames correctly received. 
Number of service flow frames received with errors. 
Number of information frames received in each 
group size ( group sizes are defined by the system 
. management of a system). 
Number of infonmation frames received as unicasi, 
broadcast and multicast frames. 

[0057] Every parameter to be count, from those listed 
above will have its own counter in the silgnaling frame. 
Preferably, PM signaling frames are generated periodi- 
cally and the period lime can be programmable. Every 
frame will contain counter values lor every parameter. 
II. may be located in the data field. 
[0058] This way, PM parameters results could be cal- 
culated in the sink for each parameter. 

2a. One of the PM signaling functions is a Tandem 
Connection Performance Monitoring (TCPM) function. 

[0059|> This Is a specific case of the Pt\A functions^ 
which operates on a segment of one end to end link 
which belongs to a distinct network administration. 
[0060] Number of erroneous frames art? counted at 
the ingress point of the segment by the source function, 
and Ihe count is fonwarded to the egress point of the 
segment ( sink funclion ) through a TCPf^ signaling 
frame. The sink function of the TCPM .compares the' 
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count of the ingress point with a couni ohlained for the 
egress point to calculate the errors which have occurred . 
• in the segment. ^ 

5 3. Congestion indication and rale control function • 

[0061] This function reports the congestion status of 
the receiver (faf) end to the transmitter (near) end. So- 
called buffer fill signaling frame will report the fill level of 
10 the.receiver buffers to the transmitter end. The transmit- 
ter end win therefore adapt the transmitted rate acconj- 
ingly by slowing down/speeding up the traffic transmit- 
ted from the transmitter (near end), and/or controlling 
the rate of data read from the intenmediate internal buff- 
's ers. 

•4. Connection integrity signaling flow 

[0062] Connection integrity (CI) signaling frames will 
so \je generated and sent to a tar end with a special field 
which will camy an identifier of the operating source at 
the riear end. This way the sink at the far end can verify 
that it is connected to Ihe source defined by the man- 
, agcmcnl. 

25 

5. Round trip delay measurement signaling function/ 
flow. The Round Trip Delay measurement service 
•packets (frames) will be sent by the source, including a 
lime tag representing the frame transmission time, to an 
'30 IntemiGdiale destination, which sends Ihe frame back to 
the source. The round trip delay is calculated by the 
source based on the lime tag value received. 

[0063] The above function uses a so-called loop back 
35 flow, when the loop back service frames are sent by the 
source to the far end sink. The far end sinlc will send the 
frames back lo the source. The loop-back flow may be 
used for many purposes. If the loop back service frames 
. contain lime tags field both for the source and for the 
•to .sink, one way and/or round Irip delays can be evaluated. 
Fig. 5 assists in understanding how the signaling func- 
tion "Far end link status/link indication" ( FELS) is used. 
Reference Is made to the standard basic frame format 
• • used for a service packet and- illustrated In Fig. 4a. In 
-ts case of the FELS signaling funclion, the Type / length 
field (75) ol the service frame will bear the value of A003 

• (Hex). The DATA field's (76) structure is illuslratod in ihe 
presented Fig. 5. It comprises the Link Status sub-field 
82 of 2 octets, and a Stuffing sub-field 84 comprising 

50 zero bits for padding up lolhe required m in inr^al Ethernet 
frame size (In this exnmple,.lhe stutting sub-field is 44 
oclcts, obtained as a difference txjtwccn the minimal 

• frame size, and a sum of the header-trailer fields' and 
the link status field's bytes, i.e., 64-(1 8+2)-44). For ex- 

55 ample, the following possible values, having corre- 
sponding' meanings, may be. carried by the link status 
sub-fleW: OOOA (Hex) - link up; OOFO (Hex)-link down; 
FFAO (Hex) - link failure. 
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[0064] The process of forming and Analysing frames 

of the PELS signaling flow comprises a number of sieps. 
The source funclion of a far end node forms the FELS 
frame every 10 millseconds and sends it poriodicaly to 
the near end sink element, carrying the far end status 
inlonDatlon. 

The sink function at the near end receives and'Identlfies 
the frame as a FELS signaling frame, decodes the far 
end link status field, and if the status differs from the 
"link up" status (OOOA Hex), the near end transmitter 
slops transmitting to the far end. As a result, the far end 
•will enable/disable transmission of data from -the near 
end. 

[0065] Alternatively or in addition, a so-called "Alive 
signaling channel (low" can be arranged when the Eth- 
ernet far end link is up. "Alive channel" frames will be 
sent periodically whenever the Elhernoi near end link Is 
up. By adding a time tag field to the service packet of 
this signaling funclion, measurement of a one way delay 
through any network domain becomes possible. 

Claims 

1 . A method of providing a signaling channel for per- 
forming one or more signaling functions at the level 
of Ethernet wherein telecommunicalion is organ- 
ized by inlormation packets forming an information 
flow, the method comprises ullli^mg a combined 
flow composed from said information- flow and one 
or more service flows formed from service packets 
being compatible with said information packets, 
wherein the service packets belonping to a particu- 
lar service flow carry indication of a corresponding 
one of said signaling (unctions to be performed, 
while said one or more service flows form the sign- 
aling channel at the level of Ethernet. 

2. A method according to Claim 1 , for providing the 
signaling channel at the level of Ethernet between 
a first and a second operating ooints in a network 
domain, the method comprising steps of: 

arranging at the first operating point a source 
element capable of receiving the information 
flow from a first Ethernet device, 
arranging at ihe second operating point a sink 
element capable of transmitting the information 
flow to a second Ethernet device, 
producing at the source element the sen/ice 
packets forming said one or more service flows, 
at tho source clement, merging said one or 
more service flows with the information flow, 
thereby obtaining the combined flow with the 
signaling channel.. 

transmitting data comprised in the combined 
flow via the network domain from the source el- 
ement to the sink element. 



- Rllhesink element, extracting Ihe sen^ice pack- 
ets of said one or more service flows from said 
combined flow and processing said scn^tco 
packets, 

5 

thereby performing sakj one or more signaling func- 
tions. 

3. The method according to Claim 2, wherein the step 
^0 of producing the service packets forming said one 
or more service flows is performed at the source el- 
ement based on at least one of Ihe following two 
operations: monitoring the Infoimation flow and 
monitoring external instructions. 

15 

•4. The method according to any one ol the preceding 
claims, wherein said service packets compatible 
with the information packets are suitable for multi- 
plexing with one another. 

20 

5. The method according to any one of Clainns 2 to 4. 
further comprising arranging one or more monitor- 
ing points between the two operating points. 

25 -6. The method according lo any one of Claims 2 to 5. 
comprising arranging between said two, basic, op- 
erating points at (east one additional operating point 
comprising an additional source element and/or 
sink element, thereby forming two or more signaling 

30 channels between said two basic operating points. 

7. The method according to any one of Claims 2 to 6. 
wherein a span of the network domaln.between said 
two operating points consists of segments which 
35 belong to Ethernet only, thereby enabling creation 
of the combined flow in the pure Ethernet. 

a The method according to any one of CiaJms 2 to 6, 
wherein a span of the network domain between said 
•^0 two operating points comprises segment(s) of a 
transport network, the method further comprises 
preserving said signaling channel during transmit- 
ting the combined flow via the transport network. 

•ts 9. The method according lo any one of the preceding 
claims, further comprising at least one step from the 
following list: 

mapping packets of the combined flow Into 
so frames of a transport network for transmitting 

said packets via the transport network, 
dc^mapping f names of a transport network in- 
corporating said combined flow, for separating 
thereof from said frames, 

55 

thereby preserving the signaling channel at the Eth- 
amel level. 
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10. The method according to Claim.e. turther comp ris- 
ing the following steps: ^ ' 

- . ^ -mapping packets of the combined How ihto? 
frames of the transport network for iransmlning 
- said .packets via the .transport network: * 
- ' de-mapping frames of the transport network in-. 

corpora'ting said combined flow, -for separating 
. • thereof from said frames and processing, there- 
by.preservihg the signaling channel at the Eth- 
ernet level. 



/ • * 

» the outgoing combined-flow via a lransport network, 
/ thereby ensuring transmission • of said signaling 
channel via the transport network. 

5 ^le. iA sink element for terminating a signaling channel 
intended for- performing one or more signaling fu'nc- 
. tions'al the levelof Ethernet, the sinkelemeni is ca- 

. pable'of:" . . • 
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11 . The method according to any. one of the preceding 
•claims, comprising indicalion of a parlicular signal- 
ing tunctibh iri.the.header of a service packet of said^ 

. service packei's;'and' providing data on said partic- 
. ular signaling.f unction* in the data-field of the service 
packet. ' ' 

12. The method according to any one of the preceding 
•claims, wherein said one or more of the. signaling 

; ' functions are selected from the following non-ex- ■ 
hauslive list: 

. performancis monitoring functions including at - 

■ * I . least *one*Tandem Connection function: , 

one way and round trip delay measurement 
function; * ' ;^ " 

far-end status function, *. - *. 

connection integrity check lunclibn, ' 30 «~ 

buffer fill check function, 
function lor enabling. congestion indtcatron and 
rate control. . .* ' 

13. A source element for creating a signaling channel- 35 
for performing one or more signaling functions- at 
the level of Ethernet, capable of: 

' » .• . • * \ , ' . 

receiving Ethernet information packets forming 

■ *■ ■ an information flow. -^o 
". •• producing one or more service.flows ol service 

, packets compatible with said.infdrmation pack- 
• -ets, wherein the service packets belonging to a 
particular, service flow carry -indication bl a spe- 
cific signaling function to bo performed, and -'s 
* . - ' composing from said Information flow and said 
• . one or more service flows an'oulgoing com- 
i - " 'bified flow with the signaling'channel formed by • 
. - . said one or more service flows.. 



receiving an incoming combined flow com- 
' posed from an information flow of Ethernet 
f packets and one or more service flows formed 
. from service packets compatible with the infor- 
• mation packets. 

separating from said combined flow the one or 
more' service flows and analyzing thereol- to 
perform said signaling. functions respectively 
' . assigned to said service flows. ^ 

The stnk element according to Claim 16, f utllier pro- 
vided with a de^mapping bJock.capable of obtaining * 
said incoming combined flow " from frames of a 
transport network which envelope the combined 
flow, thereby ensuring receiving the signaling chan- 
nel via the transport network and analyzing thereof 
at the Ethernet-level. 



14. The source element according to Claim 1 3, wherein . 
said one or more service flows arc produced by a 
source. function block based on rndnitoring at least 
one of the following two: the information flow and 

• external instructions. v 

15...-Phe source element according to. Claim 13 or .14, 
further, comprising a mapping unit for transmitting 
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18.' An as«;embly for-creati'ng a first signaling channel 
and for analyzing a second signaling channel, both 
signaling channels Jhtended for performing. one or 
more signaling functions at the level of Ethernet, the 
assembly comprising a source element and a sink 
element, wherein: 

the source element for creating the first signal- 
ing channel is capaible of 

. receiving Ethernet inforrnalion packets 
forming an information flow, 
producing one or more service* flows of 
service packets compatible with said infor- 
mation packets., wherein the service p'ack- 
- ets belonging to a particular service flow 
carry indication of a specific signaling func- 
lion to be" performed, and 
" composing from- said Information flow and 
said one or more service flows an outgoing 
' combined flow with the signaling channel 
formed by^ sald'one or more service flows; 

• the sink element for terminating the second sig- 
.naling channel being capable of 
• - receiving an incoming combiried flow com- 
posed" from information flow of Ethernet pack- 
ets and one or more service flovvs formed from - 
service packets compatible with the information 
packets. 

- separating from said incoming combined flow 
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" the one or more service, flows and analyzing 
thereof 10 perform- said signaling functions re- 
spectively assigned to said service flows. ' . ^ 

19. A syslenn for providing a signalinp channel for per- 5 
• forming one or more signaling functions at the level 

of Elhernel in any network domain comprising Eth- 
ernet, capable bl performing the niethod according 
' to any one of Claims 1 to 12, 

10 

20. 'a system for providing. a signaling "channel for per- - 
forming one or more signaling functions at the level 
of Ethernet; utilizing*. the*. assembly according to: ■ 
Claim 18, wherein. the' first signaling channel and 

the second signalling channel are one and the same ^5 
signaling channel. 
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